Background: Tumor human papillomavirus (HPV) status is an important prognostic factor in locoregionally advanced squamous cell carcinoma of the head and neck (SCCHN). Prognostic value in recurrent and/or metastatic (R/M) disease remains to be confirmed. This retrospective analysis of the EXTREME trial, comparing chemotherapy plus cetuximab with chemotherapy first line in R/M SCCHN, investigated efficacy and prognosis according to tumor p16 and HPV status.
introduction
There has been strong support for a causal role of human papillomavirus (HPV) in a subset of patients with oropharynx cancer [1] . Although the incidence of HPV-associated oropharyngeal carcinomas has increased over the last decade [2] , the prevalence of HPV in nonoropharyngeal sites is lower. Tumor HPV status has been established as an important prognostic factor in the locoregionally advanced setting [3] . Also, the presence of HPV in non-oropharyngeal sites has not yet been clearly established to be associated with pathogenesis and outcome [4] .
The impact of tumor HPV status on outcome in recurrent and/or metastatic (R/M) squamous cell carcinoma of the head and neck (SCCHN) remains to be clarified. The fact that HPV positivity is an indicator of good prognosis in the curative setting of oropharyngeal cancer indicates that in the R/M setting the vast majority of patients bear HPV-negative tumors. To our knowledge, the influence of tumor HPV status on outcome in R/M SCCHN has been looked at in only one prospectively defined analysis of a large patient population in the phase III SPECTRUM trial investigating an epidermal growth factor receptor (EGFR)-targeting monoclonal antibody ( panitumumab) in the first-line setting [5] .
Weinberg et al. demonstrated that p16 (CDKN2A) expression is a useful surrogate marker for tumor HPV status in oropharyngeal cancer, and these results were validated in the retrospective analysis of RTOG0129 [3, 6] . p16 status was used as a surrogate marker for HPV in the SPECTRUM analysis [5, 7] .
The phase III EXTREME trial reported that the addition of cetuximab to platinum/5-FU significantly improved overall survival (OS), progression-free survival (PFS) and response compared with platinum/5-FU in the first-line treatment of patients with R/M SCCHN [8] . In this study, we conducted a retrospective analysis of the EXTREME trial to investigate outcome according to tumor HPV and p16 status.
patients and methods patients
The details of the EXTREME study have previously been reported [8] and they are briefly presented in the supplement. samples FFPE tissue samples from paired hematoxylin and eosin (H&E) and isotype control stains applied as negative control for EGFR immunohistochemistry (IHC) with the Dako pharmDx EGFR kit were used for p16 IHC and HPV assays, respectively. IHC IHC on de-stained H&E tumor samples was carried out using the CINtec® p16INK4A assay, according to the manufacturer's instructions (CINtec® Histology Kit, Ventana Medical Systems, Inc., Tucson, Arizona, USA). Slides were scored manually, from 0 to 3+ for overall cytoplasm and nuclear staining, by a board-certified pathologist. p16 expression was considered p16 positive if >70% of tumor cells showed moderate or strong and diffuse nuclear staining (regardless of cytoplasmic staining intensity); low-intensity staining (0 or 1+) was classified as p16 negative; and heterogeneous moderate-to high-intensity staining (2+ or 3+ both cytoplasmic and nuclear) was considered inconclusive.
HPV assay
Tumor samples with ≥10% tumor nuclei on the matched H&E slides were tested for the presence of HPV. DNA was extracted from isotype control stains applied as negative control for EGFR IHC with the Dako pharmDx CT, chemotherapy; HPV, human papillomavirus; ITT, intention-to-treat; NOS, none otherwise specified. 


samples and baseline characteristics
There were 442 patients in the ITT population and tumor samples from 416 (94.1%) were available for p16 and HPV assessment.
Of 416 samples tested for p16: 41 (10%) were p16 positive, 340 (82%) were p16 negative, and 35 (8%) were inconclusive. Of the 41 p16-positive samples, 34 were HPV evaluable with 19 HPV positive (56%) and 15 HPV negative (44%); 7 failed the HPV test for internal control due to insufficient DNA.
Of 416 samples tested for HPV: 24 (6%) were HPV positive (22 for HPV-16 and 2 for other subtypes of HPV), 297 (71%) were HPV negative, and 70 (17%) were HPV inconclusive. In 25 (6%) samples, the assay failed. Of the 24 HPV-positive samples, 22 were p16 evaluable with 19 (86%) positive and 3 (14%) negative using p16 IHC testing; 2 (9%) were inconclusive. HPV detection and p16 IHC data are summarized in supplementary Table S1 , available at Annals of Oncology online.
Patient and disease characteristics at baseline in the ITT population and in the p16-positive/p16-negative and HPV-positive/HPVnegative subgroups were broadly similar (Table 1) with some exceptions, including: the proportion of patients with metastatic (including recurrent) disease was higher in the HPV-positive population than within the HPV-negative population; the proportion of p16-positive and HPV-positive tumors was higher among oropharyngeal tumors compared with other primary tumor sites.
treatment effect
For OS, HRs in favor of chemotherapy plus cetuximab were seen within p16-positive, p16-negative, HPV-positive and HPVnegative subgroups ( Figure 1A and B). HRs in favor of chemotherapy plus cetuximab were also seen for PFS within all subgroups ( Figure 1C and D) . Interaction tests for OS and PFS suggested that the treatment effect of chemotherapy plus cetuximab versus chemotherapy was independent of tumor p16 expression or HPV status (no significant interaction was noted).
The addition of cetuximab to chemotherapy improved the chances of achieving a response across all p16 and HPV subgroups, although this result is limited by the low number of patients (Table 2) . A combined p16/HPV OS analysis demonstrated similar findings to those obtained with the individual biomarkers and supported the benefits of chemotherapy plus cetuximab over chemotherapy alone across all subgroups, although the numbers were generally too small to allow conclusions to be drawn (Table 3) .
prognostic effect
For all patients in the p16-and HPV-evaluable populations, within treatment arms, survival was generally longer in patients with p16-positive or HPV-positive disease compared with those with p16-negative or HPV-negative disease (Table 4) . Of the 149 (34%) patients with oropharyngeal carcinoma in the ITT population, 136 (91%) had p16-evaluable tumors and 110 (74%) had HPV-evaluable tumors. The pattern of efficacy within treatment arms in these subpopulations was similar to that observed in the overall p16-and HPV-evaluable population. However, at least within the chemotherapy plus cetuximab arm, the effect was more pronounced (Table 5) . Although there were trends in both subpopulations, these trends were not observed for all efficacy endpoints.
safety
The incidences of adverse events (AEs) listed according to biomarker subgroup and treatment received are shown in Table 6 . The AE incidences were similar across the subgroups and the difference between the treatment arms comparable with those observed in the whole ITT population. The incidence of treatment-related AEs leading to death was similar in the p16-negative and HPV-negative subgroups and in the p16-positive and HPV-positive subgroups. Only one of these events in each of the p16-and HPV-evaluable subgroups in the chemotherapy plus cetuximab arm was considered to be cetuximab related.
discussion
The results of this analysis, based on 416 available tumor samples from patients with R/M SCCHN treated first-line in the EXTREME study, indicate that chemotherapy plus cetuximab was associated with survival benefits over chemotherapy alone independent of tumor p16 expression or HPV status. No new safety findings were identified. The analysis provided indications for the prognostic utility of tumor HPV/p16 status in R/M disease. In analyses of the 2 biomarkers, although the patient numbers are generally small within the individual groups, patients with p16-or HPV-positive tumors tended to have a longer OS time than those with p16-or HPVnegative tumors. One-third of the patients had oropharyngeal cancers, and analysis of this subgroup supported the findings from the individual HPV-and p16-evaluable subpopulations.
The numbers of patients with p16-positive or HPV-positive disease in this analysis are low, 10% of samples being p16 positive and 5% HPV positive. This finding is not unexpected, given that p16/HPV positivity is an indicator of good prognosis in patients with locally advanced disease. The low patient numbers with p16-positive/HPV-positive tumors are the main limitation of this study so that the results should be interpreted with caution and precluding a multivariate analysis.
The results reported here should be discussed in the context of the results from the SPECTRUM trial, in which the combination of 5-FU/platinum and panitumumab first line did not significantly improve OS compared with 5-FU/platinum alone [7] . The demonstration in the current analysis that p16 and HPV are prognostic markers in SCCHN supports the findings from the SPECTRUM trial. However, whereas the data from the EXTREME trial suggest that the efficacy benefits of chemotherapy plus cetuximab over chemotherapy alone are independent of p16/HPV status, the SPECTRUM trial reported efficacy benefits only in the p16-negative population.
A major difference between these two trials is the proportion of evaluable tumor samples that were p16 positive. In the SPECTRUM trial, more than 20% of evaluable samples were p16 positive, compared with 11% in the EXTREME trial. The primary reasons for this difference are probably the timing of the studies and the types of patients enrolled. For example the proportion of head and neck cancers associated with p16/HPV has increased over time [9, 10] : the EXTREME trial was initiated 3 years earlier than the SPECTRUM trial (in 2004 compared with 2007). In addition, the EXTREME trial was carried out exclusively in European centers whereas the SPECTRUM trial enrolled patients from centers around the world, including North and South America and Asia-Pacific, regions in which the incidence of SCCHN associated with HPV is higher than in Europe [11] . Interestingly, around one-third of patients enrolled in the EXTREME trial were from Spain, a country with a <5% incidence of HPV-positive SCCHN at the time of recruitment [12] . Spanish centers did not participate in the SPECTRUM trial. 208 (97) 18 (100) 20 (91) 174 (99) 155 (98) 11 (100) 13 (100) 145 (100) 145 (96) Treatment-related 217 (99) 195 (91) 18 (100) 18 (82) 173 (99) 144 (91) 11 (100) 11 (85) 144 (99) 136 (90) Any SAE 110 (50) 102 (47) 10 (56) 12 (55) 86 (49) 75 (47) 4 (36) 5 (39) 72 (50) 72 (48) Treatment-related 64 (29) 58 (27) 6 (33) 7 (32) 52 (30) 44 (28) 2 (18) 2 (15) 47 (32) 41 ( 164 (76) 16 (89) 17 (77) 140 (80) 123 (77) 11 (100) 11 (85) 117 (81) 115 (76) Treatment-related 150 (68) 125 (58) 15 (83) 12 (55) 118 (67) 95 (60) 11 (100) 7 (54) 98 (68) 92 (61)
Adverse events leading to death 34 (16) 33 (15) 3 (17) 4 (18) 24 (14) 23 (15) 2 (18) 3 (23) 21 (15) 25 ( It is of note that, in the SPECTRUM study, prespecified criteria, which were different from the ones used in our study, of p16 positivity were used and therefore the findings reported may not reflect the actual positivity rate. It should be mentioned that when alternative cutoffs for positivity (between 10% and 70%) were used, a difference in outcome could not be observed [7] . Our findings are in line with the results of the investigation by Mehra et al. [13] , which used a p16 assessment similar to the one in the present study, reporting that the patients with HPV-positive or p16-positive tumors had an improved overall response and OS.
It is conceivable that differences in the results from the EXTREME and SPECTRUM trials may also be due in part to the two different EGFR monoclonal antibodies used, namely cetuximab (a chimeric human/murine IgG1 antibody) and panitumumab (a fully human IgG2 EGFR antibody). Although both antibodies have demonstrated antibody-dependent cell-mediated cytotoxicity, it is of a different order and by a different mechanism [14] [15] [16] .
The analyses reported here indicate that p16 may be used as a surrogate marker for initial HPV screening, followed by molecular HPV DNA detection, although p16 was shown not to be a reliable surrogate biomarker of tumor HPV status in nonoropharyngeal squamous cell carcinoma [17] . The results from the detection analyses are supported by the clinical results, which demonstrated that the efficacy findings, in terms of tumor p16 expression and HPV DNA status, were similar. In the combined biomarker analysis carried out for OS, the pattern of efficacy was similar to that seen in the individual biomarker analyses. However, the numbers of patients in all but the HPVnegative/p16-negative subgroup was small, and larger numbers of patients would be required to enable firm conclusions to be drawn. Although a treatment effect association was found only in the p16-negative/HPV-negative subgroups, the same trend could be observed in both of the HPV subgroups. This may be due to the large sample sizes in the HPV-negative subgroup compared with the HPV-positive subgroup.
It should be noted that although the Cervista HPV assays do not have regulatory approval for use outside the setting of the detection of cervical HPV DNA, the assays have been used by others for head and neck tumor material testing [18, 19] .
In conclusion, this analysis of the EXTREME trial indicated that the survival benefits of chemotherapy plus cetuximab over chemotherapy alone were independent of tumor p16, HPV or combined p16/HPV status. It also supported findings from the SPECTRUM trial that p16/HPV status is a prognostic factor in R/M SCCHN.
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